Objective-To describe and quantify the
. However, giant capillaries were most frequent in SSc (43%) and were not present in controls. Mild and moderate avascular areas were present in all groups (350/8/68%), but severe avascularity was most frequent in SSc (44%) compared with other patients (180/%-19%) and controls (0%). The The number of all capillaries in the distal row was counted for each finger and the mean number of capillaries/finger/subject (nailfold capillary density) was derived. The length of the capillary was determined by measuring the projection of the visible part of the capillary in relation to the 2 mm slide graticule. At least three capillary loops of the fourth finger of both hands were measured as previously described ( fig 1) .2 The mean capillary length of any patient or control was taken as the average length of the three most clearly visible consecutive capillaries. A mean capillary length for a patient or the control group was then derived from the individual means. The mean length of the capillaries in the controls was 215 (SD 40) ,um. Loops longer than 300 pLm were classified as elongated capillaries. The frequency of subjects having a mean capillary length greater than 300 ,um was calculated for each patient group and controls.
Vascular loops were estimated to be of normal width (<25 pRm) ( group.bmj.com on June 27, 2017 -Published by http://ard.bmj.com/ Downloaded from Quantitative nailfold capillaroscopyfindings with more than two definitely widened capillary loops or at least one giant, bushy, or bizarre capillary was calculated for each patient group and for controls.
The most common morphological pattern of the distal row of capillaries was an open pattern (fig 2A) , in which the capillary limbs did not cross each other. However, there were certain variations that have been previously described-for example, tortuous (the limbs curled but did not cross), crossed (the limbs crossed at least once), and cuticular (only the end point of the capillary loop was visible).' 11 The dominant morphological pattern was documented for each subject as described. In the absence of a single dominant pattern, the term "mixed pattern" was applied. Uncommon but distinctive morphological alterations were also noted and counted for each finger-for example, bushy ( fig 2D) or bizarre capillaries ( fig 2E) .
Avascularity of the capillary bed was classified as grade 0 (nil), grade 1 (mild: one or two discrete areas of vascular deletion), grade 2 
Results

CAPILLARY DIMENSIONS
The mean length of capillaries in the control group was 215 (SD 40) ,um. The upper limit of normal for capillary length was defined as 300 ,um. A small number of control patients (5-2%) had abnormal mean length capillaries. The frequency of patients with an abnormal mean capillary length was significantly greater in all disease groups (range 440/o-62%) than in controls ( fig 3A) .
Widened capillary loops were common in disease groups and in controls (table 2). On average there were 2 definitely widened capillary loops/finger in controls. However, the frequency of widened loops/finger was higher in all disease groups than in controls. Whereas only a few controls (15-8%) had more than 2 capillary loops/finger that were definitely widened (>3 x normal calibre) (fig 2B) , the number of patients with more than 2 widened loops/finger was much higher in all disease groups (590/-65%) ( fig 3A) . The mean capillary density in the control group was 7-5 capillaries/mm. The nailfold capillary density was significantly reduced in all disease groups compared with controls and was the most reduced in SSc (table 2) . Mild to moderate avascularity of the capillary bed was frequent in all groups including controls. However, the control population did not have any extensive areas of avascularity, whereas this feature was most common in SSc (44%) ( fig 3B) .
CAPILLARY HAEMORRHAGE
First and second degree haemorrhages were found in a few controls (52%) and more often in all other groups ( fig 1F and fig 3B) . Extensive haemorrhages were especially common in SSc (35%) and were not present in normal controls ( figure 3B ). Haemorrhages were present in 82% of patients with giant loops.
CAPILLARY PATTERN AND VENOUS PLEXUS VISIBILITY
The predominant morphological pattern of the capillaries was similar in all groups including controls, although crossed capillaries were more frequent in SLE and cuticular or mixed patterns were only present in SSc ( in all groups. However, in both SSc and SLE the frequency of second and third degree changes in visibility of the subpapillary plexus was significantly greater than in controls ( fig 3D) .
Anticentromere antibodies There were no significant differences within the SSc group separated on the basis of the presence of anticentromere antibodies (table 4) . Similarly, there was no significant difference between patients with diffuse v limited skin involvement (data not shown), although a larger number of patients may need to be studied to see signficant differences. Giant loops, bizarre capillaries, and haemorrhage were more common in patients with anticentromere antibodies. Of those patients with giant capillaries, the number of giant capillaries/finger was increased in patients with anticentromere antibodies.
Discussion
Several abnormal morphological features of nailfold capillaries have been associated with disease. In the current study we used computer processed video images of the nailfold bed to identify features associated with certain connective tissue diseases. We have modified several semiquantitative methods used by others to set a baseline of measurements from which to assess abnormality. Many of our findings are in agreement with those of others-for example, the capillary density in healthy controls was similar to that found in previous studies." 12 17 population. " By contrast we found bushy capillaries in a larger number of our controls (24%). Bushy capillaries have been associated with mixed connective tissue disease,8 yet they were present in almost half of the patients with SSc in our study group, and with the same frequency as in patients with SLE. The highest frequency of definitely widened capillary loops was in the group of patients with SSc.
In SLE characteristic features of nailfold capillaries previously reported include tortuous capillaries, a prominent subpapillary plexus, and an increase in the length of capillaries.' 3 Extremely long capillaries (>750 ,um) have been reported in up to a third of patients with SLE.8 In our SLE population long capillaries and prominence of the subpapillary plexus were more frequent than in the control group, but no more than in the SSc and UCTD groups. Crossed capillaries rather than tortuous capillaries were also more frequent in the SLE group.
In UCTD the presence of capillary abnormalities in patients may confer an increased risk for the eventual development of a defined connective tissue disease.5 A greater mean number of dilated capillary loops and an increased avascular score have been found in UCTD compared with primary Raynaud's phenomenon. 6 In our UCTD population several characteristics, including nailfold capillary length and width, avascular areas, and haemorrhage, were more frequent than in controls. Further follow up of these patients is needed to establish which characteristics are of the most prognostic value.
In SSc the sclerodermal pattern of capillaries characteristic of this condition as described by Maricq ' was seen in 43% of our patients. Similar With practice, the entire nailbed area can be recorded in 30 seconds. Therefore, provided the image quality is verified during recording, the examination time with the patient is short. The recorded image can be reviewed at a later date, as often as required, using the pause or freeze frame facility of the tape recorder. An electronic keyboard is used to provide analogue labelling of the recorded images, with the name, date, and finger identification. S-VHS and U-matic recorders are satisfactory, but domestic VHS video camera recorders are not adequate in picture quality. Digitisation of selected frames is possible on a personal computer with a frame grabber board. Commercial software packages are available to optimise the digital image contrast, which can be subsequently printed out with a low cost laser printer on plain paper.
In summary, there seems to be a wide range of normality in nailfold capillaroscopy findings. However, certain features, such as giant or bizarre capillaries, extensive avascularity, and confluent haemorrhage, seem not to be present in a healthy population and should be considered pathological. Reduced number of capillaries, severe avascularity, giant capillaries, and haemorrhages were most commonly associated with SSc. Quantitative assessment of video microscopy images by digital image processing will enhance the value of nailfold capillaroscopy in the future.
